Different depths within a metalimnetic layer of Oscillatoria rubescens were sampled, and changes in biochemical composition and photosynthetic rate were analyzed. Although differences in pigment and protein content were found, the photosynthetic rates of the samples were not significantly different.
Different depths within a metalimnetic layer of Oscillatoria rubescens were sampled, and changes in biochemical composition and photosynthetic rate were analyzed. Although differences in pigment and protein content were found, the photosynthetic rates of the samples were not significantly different.
Most planktonic cyanobacteria inhabit the epilimnion of eutrophic lakes and can form surface blooms which have a number of undesirable effects. However, planktonic Oscillatoria sp. usually form layers in the metalimnnion during summer stratification of lakes, although they too may be responsible for surface blooms if the lake is enriched with nutrients (8). The stratification of these organisms in the metalimnion has been attributed to (i) a preference for low temperature (7) , (ii) a preference for low light intensity (18) , and (iii) a balance between the rates of carbon fixation and nutrient uptake (10) . The vertical position in the water column is maintained due to buoyancy imparted by gas vesicles. Dinsdale and Walsby (5) have proposed a mechanism by which buoyancy could be regulated in response to light intensity and nutrient concentration.
Metalimnetic Oscillatoria layers are good model systems for study of the physiological ecology of cyanobacteria because (i) the photosynthetic biomass usually consists almost entirely of a single Oscillatoria sp., (ii) Oscillatoria spp. persist throughout the summer, and (iii) the metalimnion is not as susceptible to turbulent mixing and other climate-related variables as is the epilimnion. In Crooked Lake (Noble County, Indiana), there is a dense population of Oscillatoria rubescens which stratifies in the metalimnion. The organisms are first found in significant numbers at a depth where the light intensity is about 1% of that at the lake surface. However, the layer of 0. rubescens is at least 4 m thick, and most of the population is in the dark because the cyanobacterial filaments quickly attenuate the available light (Fig. 1) . The heterogeneous light climate within the layer might result in differing light adaptations by different segments of the Oscillatoria layer. The physiological adaptation of photosynthetic organisms to light intensity has been reported for a wide variety of plants (2) , algae (9) , and bacteria (14) . The cellular amounts of photosynthetic pigments, electron transport components, and carbon fixation enzymes can be altered, which results in changes in photosynthetic efficiency at different light intensities and differences in macromolecular composition (3) . In the study of the physiological ecology of 0. rubescens in Crooked Lake, it was of interest to determine if the 4-m-thick layer could be considered homogeneous or if physiological adaptations were significant and would make it essential to consistently sample depths of equivalent environmental conditions when conducting seasonal studies. A series of experiments conducted during June, July, and August of 1979 indicated that although there were differences in pigment content of samples obtained from different parts of the layer, variations in the specific photosynthetic rate were not found to be significant.
Samples were obtained on six dates during the summer of 1979 with a Van Dorn bottle (Wildco Supply, Saginaw, Mich.). Samples were collected from 7 to 17 m at 1-m intervals, and chlorophyll content was determined (15). Samples were then collected from depths where 0. rubescens was first found in significant amounts (top sample), where the greatest density of 0. rubescens occurred (peak sample), and 2 m below the depth of the peak sample (bottom sample). These populations had existed at light intensities that were 1%, 0.01%, and 0% of that at the lake surface (as determined by a Lambda underwater quantum sensor, Li-Cor Inc., Lincoln, Nebr.).
Several biochemical measurements were used to compare these samples. Phycoerythrin was extracted by grinding organisms trapped on a glass fiber filter in distilled water and reading the absorbance (562 nm) of the clarified supernatant. An extinction coefficient (1% solution, 1 cm) of 125 was used (16) . Protein was determined by the Lowry method (13). Estimates of 0. rubescens biomass were made from measurements of aggregate filament length and filament diameter by direct microscopic examination (4). photosynthetic biomass in all of the samples. Biomass is expressed in terms of filament volume (cubic millimeters) per liter of water. Triplicate counts of each sample were made to enhance the precision of the determinations. Ribulosebisphosphate carboxylase activity was determined as described by Tabita et al. (17) . Photosynthesis was determined by the incorporation of NaH'4CO3 (10 , (6) found that proteins were degraded at a slower rate than other organic molecules in planktonic habitats. Also, dissolved inorganic nitrogen was present in significant amounts throughout the water column (130 tg of N per liter), so nitrogen limitation in the top samples would appear to be unlikely. The increased amount of the phycobiliprotein, phycoerythrin, observed in the bottom samples was due in part to the general increase in protein content. However, the ratio of phycoerythrin to protein also was greater in the bottom than in the top samples (top sample, 0.016; peak and bottom samples, 0.024). Either phycobiliproteins are graded more slowly than protein in general, or there was an increase in pigment synthesis in response to the low light conditions.
Ribulosebisphosphate carboxylase activity was determined in samples collected on 21 August 1979. The activity of this enzyme per unit achieved at intensities below 100 tE/m2.s (see Table 3 ). On 21 August 1979, photosynthesis was also measured at two very low light intensities.
The average values compiled from six experiments are listed in Table 2 . Relatively small differences in photosynthetic rate (micrograms of carbon fixed per cubic millimeter of Oscillatoria filament per hour) were found. These dif- (11) . Even at very low light intensities there was no clear-cut evidence that the pigment-enriched samples from the bottom layer had an increased photosynthetic efficiency, as would be expected if light adaptation had occurred (Table 3) . Thus, the bottom samples, which were exposed to little or no light in situ, were found to have some biochemical characteristics typical of cells grown under low light intensities (higher phycoerythrin and lower ribulosebisphosphate carboxylase levels). However, despite these differences, significant changes in the photosynthetic rates of these samples were not found. Without strong evidence that photosynthetic rates are significantly different in samples from different parts of the Oscillatoria layer, one cannot conclude that light adaptation within the layer creates a heterogeneous population.
There are two hypotheses which might explain the lack of differences in photosynthetic rates. The first is that the 0. rubescens filaments at the top of the layer may already be optimally adapted to low light because they are exposed to a light intensity of only 20 ,1E/m2's in situ.
No further increase in photosynthetic efficiency at low light intensities may be possible. However, in this context it was surprising to find that the accessory pigment, phycoerythrin, accounted for less than 3% of cell protein in 0. rubescens. The same extraction technique was used in studying Lake Mendota cyanobacterial blooms, and phycobiliproteins comprised a greater percentage (3 to 18%) of cell protein (11) . The second hypothesis is that the cyanobacterial filaments do mix within the layer faster than the rate at which light adaptation occurs. The metalimnion is a very stable region of the water column in which turbulent mixing is minimal, but the organisms can migrate because they contain gas vesicles, which render them buoyant. The similarity of photosynthetic rates found in samples from different parts of the layer will simplify the interpretation of seasonal studies regarding photosynthetic rates, because one potential source of variation (heterogeneity within the water column) has been shown to be unimportant. However, there are significant changes in biochemical characteristics in the 0. rubescens layer, although these may reflect decomposition rather than biosynthesis.
